Background: Anxiety has been suggested to increase among young individuals, but previous studies on longitudinal trends are inconclusive. The aim of this study was to analyze longitudinally, the changes over time of prevalence of self-reported anxiety in the Swedish population between 1980/1981 and 2004/2005, in different birth cohorts and age groups.
Background
Mental illness including anxiety is one of the leading causes of disability worldwide [1, 2] . In the US, the overall life-time prevalence of anxiety disorders is about 25% [3] . In addition to diagnosed anxiety disorders, unreported or undiagnosed mental illness is a common health problem [4] [5] [6] . A particularly vulnerable group seems to be adolescents and young adults, for whom the prevalence rates of self-reported anxiety have increased during the last decades, in Sweden as well as in other developed countries [5, [7] [8] [9] [10] . However, populationbased studies on time trends of anxiety are scarce and inconclusive [11, 12] . One US study reported stable levels of "psychological distress" between 1997 and 2004 [6] , but recent US and Canadian surveys revealed that people born in the oldest and more recently born birth cohorts had higher levels of psychological distress than those cohorts born in mid-century [11] . The present study aimed to analyse the time trends of self-reported anxiety symptoms, measured by one survey question over time. The current question has earlier been reported to be a strong predictor of premature mortality and psychiatric disorders [13] .
Studies attempting to analyse longitudinal changes have primarily been based on cross-sectional data, which do not take into account changes in the distribution of age and birth cohort [6, 7, 9] . Such studies could not distinguish whether changes are attributable to an age effect (i.e. differences within individuals) or a cohort effect (i.e. differences among individuals at baseline) [7, 9, 11] . The novelty of the present study was to analyse the trends of self-reported anxiety and to disentangle age and cohort effects, by using continuous data of the same individuals for several assessments over a 25-year time period, which will shed light on potential longitudinal changes. Moreover, anxiety is associated with several other individual factors, such as smoking [14] , education level [15] , obesity [16] , and physical activity [17] , which may confound the results.
The aim of the present study was to analyze longitudinal trends in self-reported anxiety within different groups of age and birth cohort, in the Swedish population between 1980/81 and 2004/05, by using a mixed model with random intercept. Another aim was to analyze whether any observed effects remained after adjustment for possible confounders/effect modifiers, such as education, urbanization, marital status, and lifestyle factors.
Methods

The Swedish Annual Level of Living Survey
We used data from the Swedish Annual Level of Living Survey (SALLS), which has been conducted annually since 1974 by Statistics Sweden, the Swedish government-owned bureau of statistics. The survey comprises a representative, simple cross-sectional random sample of non-institutionalized individuals aged 16-84 years, drawn systematically by age group from the Swedish Total Population Register [18] , and the sample represents the entire population of Sweden. In this study, we included 2728 males and 2770 females aged 16-71 years, who were assessed every eighth year in 1980/81, 1988/89, 1996/97, and 2004/05. The sample included all who had answered at least once, and for each assessment the sample was completed with new individuals in the age span 16-23 years, and those who were older than 71 years were removed. The surveyed individuals were invited by letter to take part in the survey. Professional interviewers from Statistics Sweden conducted face-to-face interviews, usually at the respondents' homes. Since 1979, there have been four main themes in the SALLS: social relations, work, health and the physical environment. Certain questions about health, employment, economic resources, working environment, education and housing are repeated every year in order to provide consistent information on important background variables, e.g., self-reported health, socioeconomic conditions and family type. The data are not publicly available and the use and analysis of the data require permission from Statistics Sweden.
We excluded individuals who had missing values for the variables weight or height (1%), or physical activity. Individuals with missing values for education were classified as belonging to the highest educational level. The variables sex, age, marital status, birth cohort and urbanization had no missing values.
Outcome variable
The question about anxiety was posed along with a list of other medical problems, such as diabetes, back pain and hypertension. Self-reported anxiety was assessed using the question" Do you suffer from nervousness, uneasiness, or anxiety?". No limited time period for the problems was given. There were three possible answers:" no", "yes mild" and "yes severe". In the present study, those who reported severe or mild nervousness, uneasiness or anxiety were considered to have self-reported anxiety.
Explanatory variables
To assess the longitudinal changes in different groups of age and birth cohort, three time-related variables were included: assessment period, age at the time of the assessment, and year of birth. Moreover, we included the following potentially explanatory variables for which previous studies have suggested an association with anxiety [11, [14] [15] [16] [17] : sex, education level, urbanization, marital status, smoking, leisure time physical activity, and body mass index (BMI). These variables were measured in each survey and included in the models as time-varying covariates. Education, smoking, cohabiting, physical activity and weight/height were self-reported, and the other variables were obtained from the register of the total population. Birth cohort (based on year of birth), comprised groups born in 1910-17, 1918-25, 1926-33, 1934-41, 1942-49, 1950-57, 1958-65, 1966-73, 1974-81, and 1982-89 . Birth cohort was centered at 1950.
Sex: All analyses were made separately for males and females.
Education level: Education level (comparable over the entire study period) was categorized as: (1) high (theoretical high school and/or college, ≥12 years); (2) intermediate (practical high school, i.e., vocational school, 10-11 years); and (3) low (compulsory school or less, ≤9 years).
Urbanization: Residence in: (1) the three largest cities in Sweden; (2) medium-sized towns (population > 90,000); and (3) small towns (population 27,000-90,000) and rural areas.
Marital status was dichotomized as married/cohabiting and all others.
Smoking was dichotomized as (1) non-smokers, comprising never smokers, occasional smokers and former smokers (regardless of when they quit), and (2) daily smokers.
Leisure time physical activity was based on a question about how much physical activity the person does during leisure time, with five options from (1) "basically nothing" to (5) "regularly rather strenuously at least twice a week." The five options were dichotomized as (1) more than once a week (options 4-5) and (2) no or some physical activity, at most once a week (options 1-3).
BMI was calculated as self-reported weight (kg)/height (m) 2 . Subjects with missing values for either weight or height (1%) were excluded, to be able to calculate BMI. BMI was categorized into (1) normal weight (20.0-24.9 kg/m2), (2) overweight (25.0-29.9 kg/m2), and (3) obesity (≥30.0 kg/m2).
Statistical analysis
In the analysis, descriptive statistics were used to present the distributions of the variables (Table 1) , as well as unadjusted prevalence of anxiety according to the explanatory variables. Differences/trends were considered as significant if p was <0.05. No adjustment of p-values was done. We tested trends by applying a method suggested by Cuzick, which was implemented in STATA as nptrend [19] (Table 2) .
A mixed logistic model with random intercepts was applied to test the change in prevalence of anxiety for age groups and cohorts in the four assessment periods ( Table 3 ). The effect of time period does not need to be estimated for a longitudinal panel study, as age and time express the same effect. Including random slopes did not improve the model. There was a highly significant interaction between age and cohort, and this interaction was included in the models. We tested all other interactions between time and each risk factor, but none of these was significant. The unadjusted model included age, cohort, the age-by-cohort interaction, and agesquared. In a second model, adjustments were made for all explanatory variables, i.e. education level, urbanization, marital status, smoking, leisure time physical activity, and BMI. Age was centered at 42 years and cohort was centered at 1950. Odds ratios (ORs) with 95% confidence intervals (95% CIs) were calculated separately according to sex. Finally, adjusted prevalence of anxiety was calculated by using the models in Tables 3 and 4 (Table 5 ). Birth cohort trends (change per birth year) and age trends (change per year) were also calculated. The trends for each age group and cohort were estimated by applying a linear regression model with time as the independent variable and with the estimated proportions in Tables 3 and 4 as the dependent variable.
We analysed non-response carefully, and found differences in distributions between responders and nonresponders. We have taken this fact into consideration by including the post stratification variables (age, marital status, urbanization and education) in the models. By including the post-stratification variables, no weights are necessary, according to Nordberg [20] . Nordberg means that this way of compensation for missing data might even be better than calculating weights based on the same variables. In an additional analysis, we used sampling weights.
STATA version 13 [21] was used for the statistical analyses.
Ethics
This study was approved by the ethics committee in Stockholm (approval no. 12/2000).
Results
The distribution of the different explanatory variables is presented, separately according to sex and assessment period, in Table 1 . During the 25-year study period, education level and urbanization tended to increase, as well as non-smoking, leisure time physical activity, and overweight/obesity. Marital status did not change markedly.
In Table 2 , unadjusted prevalence of anxiety by the different explanatory variables is presented separately according to sex and assessment period. Anxiety was more common in females, and the overall prevalence of anxiety increased in both males and females during the study period. In 2004/05, almost one fourth of the females reported anxiety. In order to show the trends in anxiety over time in each birth cohort, the ten different birth cohorts are marked with numbers 1-10 in superscript in Table 2 . Reading the numbers 1-10 diagonally shows that later/ younger birth cohorts reported increased prevalence of anxiety during the study period, while the earliest/oldest birth cohorts did not. Reading the table horizontally reflects a time trend of increased prevalence of anxiety in all age groups except from males 64-71 years and females 56-71 years.
Unadjusted tests for longitudinal trends (p-values) in anxiety in covariate subgroups are also shown in Table 2 . The prevalence of anxiety increased in almost all subgroups, except from overweight and obese females. However, baseline prevalence in 1980/81 was higher in overweight/obese females than in normal weight.
The results for the mixed models are presented in Table 3 (males) and 4 (females). In both sexes, there was a significantly increased OR for anxiety by age (centered at 42 years) as well as by cohort (centered at the 1950 birth cohort), reflecting increased anxiety by older age and by later/younger cohort. In males, the adjusted OR for anxiety by age was 1.05 (95% CI: 1.04-1.06) per year. The adjusted OR by birth cohort was 1.04 (95% CI: 1.03-1.05), per cohort year. The figures were similar in females.
There was a statistically significant interaction between age and cohort in females (OR 0.998, 95% CI 0.997-0.999), and a borderline significant interaction in males, indicating that the effect of age differed between cohorts, i.e. stronger increases in anxiety in younger birth cohorts. Age-squared was also significant, reflecting the non-linear association. Tables 3 and 4 also show the relationships between anxiety and covariates. In both males and females, increased anxiety was associated with non-married status, smoking and low physical activity. In females, increased anxiety was also associated with lower education level and living in a large city. Table 5 presents adjusted prevalence of anxiety according to cohort and age group, based on the models in Tables 3 and 4 . This table also shows annual changes in anxiety in the studied birth cohorts and age groups. By reading the table vertically, one can see the time trends of 1918-25; 4) 1934-41; 6) 1950-57; 8) 1966-73; 10) 1982-89 Each birth cohort can be followed diagonally by the different grey-scales. p-values: Test for trend row-wise for males and females separately anxiety between 1980/81 and 2004/05 in the different age groups. In males, anxiety increased significantly over time in all age groups except from the oldest aged 64-71 years. In females, anxiety increased significantly in all age groups except from those aged 56-71 years. In the youngest age group 16-23 years, there was a dramatic increase in anxiety prevalence in both males (from 5.0 to 12.2%) and females (from 8.9 to 29.0%). By reading the table horizontally, one can see significantly increased anxiety prevalence in all birth cohorts except from birth cohorts 1941 and earlier/older in males, and birth cohorts 1925 and earlier/ older in females.
Non-response
The non-response rate in the initial sample was about 20% and it increased over the years to about 25%. We have compared estimates from the entire sample with the longitudinal part. These estimates were close to each other. Therefore, we think the sample is representative. Furthermore we have compared the response pattern in the variables (sex, age, marital status, urbanization) from the register of the total population, and the response pattern was similar over the years, e.g. women had always higher response than men over the years. As there were differences in distributions between responders and non-responders, we included the post stratification variables (age, marital status, urbanization and education) in the models. Using sampling weights gave about the same results.
Discussion
The main finding of this longitudinal study between 1980/81 and 2004/05, was the increasing prevalence of self-reported anxiety over time, in all age groups except OR by later/younger cohort Unadjusted model included agec, cohortc, the age-by-cohort interaction, and age-squared Adjusted model also included education level, urbanization, marital status, smoking, leisure time physical activity, and body mass index from the oldest age groups. There was a dramatic increase of anxiety during the 25-year long follow-up time especially in the youngest group 16-23 years, with more than a three-fold increase in females, and a 2.5-fold increase in males, after adjustments for covariates. In contrast, in females, the prevalence of anxiety declined significantly in the oldest age group 64-71 years. Moreover, there was a trend of increased prevalence of anxiety by increasing age between 16 and 23 years and 64-71 years, in almost all birth cohorts except from the oldest/earliest cohorts, where there was no clear trend.
These results may have a large impact on public health and healthcare demands. According to a Swedish study, 20% of those who visited a family physician in 2011 received help for mental problems, but only 7% received a psychiatric diagnose [4] . This supports that there is a great suffering in mental illness even without psychiatric diagnoses. The results could probably be explained by fear of stigmatisation or that individuals with mental problems are poorly identified. Anxiety disorders often start in adolescence and are therefore important and possible to prevent [3, 22, 23] . Increased self-reported anxiety in young individuals are in line with a recent international review of the literature, which shows that recent cohorts of adolescents, especially females, experience increased mental illness compared to previous birth cohorts [7, 11] . Early interventions are therefore crucial and schools, including high schools and colleges, play an important role, in addition to familial and socioeconomic factors. Increased availability of psychosocial interventions in health care centers, such as psychologists, could also be valuable. Our recently published study of the same study population showed a trend of deteriorating self-rated health in young adults, between 1980 and OR by later/younger cohort Unadjusted model included agec, cohortc, the age-by-cohort interaction, and age-squared Adjusted model also included education level, urbanization, marital status, smoking, leisure time physical activity, and body mass index Table 5 Adjusted prevalence (%) of self-reported anxiety based on the adjusted models in Tables 3 and 4, and [24] .
Although our results do not allow us to draw any causal inferences, there are several potential mechanisms behind our findings. Today, the entrance to the labour market has been delayed to a higher age, which is due to increased educational demands at the labour market and unemployment in young adults [8] . Such mechanisms may lie behind our findings of increased reporting of anxiety in young individuals [8, 25, 26] . In the 1990s, Sweden underwent a financial crisis which, among other things, resulted in increased unemployment rates and poverty in youths while older generations experienced a more favourable development [5, 8] . During the beginning of the twenty-first century, many European countries have experienced a similar development, and other studies have also reported increased prevalence rates of psychiatric illness during economic downturns [27] . In age group 16-23 years, there was a higher increase in anxiety prevalence between assessment 2-3 and 3-4 than between the first two assessments, which could mirror these economic changes in the society (Table 5) .
The increased prevalence of anxiety over time was seen in both young females and males and the absolute prevalence was higher in the young women, which is in line with previous research showing that anxiety disorders are more common in females than in males [7, 11, 28] . It has previously been discussed whether girls and young women are more stressed and anxious of their school performance, as well as more concerned about their physical appearance [10, 29] . The increased prevalence of anxiety by increasing age in most birth cohorts could partly be explained by the natural anxiety psychopathology as people age, as anxiety disorders are highly chronic and individuals usually don't recover [30] . However, the median age of onset for anxiety disorders is around 11 years, and the 75th percentile of the age-of-onset is 21 years [3] . Consequently, the major part of the individuals has already become affected by their anxiety in the first age group 16-23 years old.
It is important to note that the potential stigma associated with mental illness has changed quite dramatically over time and, today, many people are more aware of and likely to discuss their psychiatric symptoms openly, even if stigmatisation still exists. People also have a better insight and are more informed about mental illness. The change in attitudes and higher awareness of mental health over recent years may have influenced changes of patterns of reporting of anxiety and the readiness to report symptoms [7] . It is possible that this change in stigma has been more prominent in the youngest cohorts. However, the oldest age group showed a declining prevalence of anxiety in females, which supports our interpretation that the changes are not merely caused by differences in stigma over time. Moreover, irrespective of whether the reported results are "true" changes of the prevalence of anxiety or only changes in patterns of reporting, the increased self-reported anxiety is likely to increase the demand for health care.
Limitations and strengths
This study has some important limitations. The study is based on self-reported survey data about perceived nervousness and anxiety, and we had no objective measurements of anxiety. The individuals' answers reflect how they interpret their feelings when they answer the survey. Consequently, there may be overestimation as well as underestimation of the reporting of anxiety, and it is possible that some answers were misclassified. However, the aim of the study was to study the longitudinal changes of selfreported anxiety, and the survey question was the same in all four assessments, so this will probably not affect the conclusions. The survey question has also been reported to be a strong predictor of premature mortality and psychiatric disorders [13] , which supports that it is a valid indicator of psychiatric as well as somatic health. Another possible limitation is that the non-response rate was 20-25%. However, in analyses of non-responders, we found that the pattern of non-response was similar according to sex, age, marital status, urbanization, and income over time. As non-response has been reported to be associated with poorer mental health [31] , it is likely that the prevalence of anxiety is higher among non-responders, although this bias would be similar in all assessments. Finally, even if we were able to control for several potential confounding factors, it is possible that there are residual confounding factors, for example immigration status, unemployment, alcohol and drugs [32] .
The limitations in this study are balanced by several strengths, which include a long follow-up period (25 years) and that the SALLS is one of the most comprehensive national surveys [18] . The study population is representative of the entire Swedish population, as it is a random sample with a longitudinal "panel" with repeated measurements, drawn from the Total Population Register. The longitudinal mixed model made it possible to distinguish changes over time within individuals (age effects) from differences among individuals at baseline (cohort effects). The interviews were mainly conducted in the respondents' homes by well-trained interviewers and the reliability of the survey questions has been estimated by re-interviewing a subsample of the participants (test-retest method) [33] .
Conclusions
In summary, we found increased prevalence of selfreported anxiety over time between 1980/81 and 2004/05 in all age groups except from the oldest, which indicates increased suffering for a large part of the population.
